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Summary

What is already known on this topic?

Increased risk of all-cause mortality is associated with nonoptimal blood
pressure. However, studies of the relationship between blood pressure
categories and all-cause mortality in the Chinese adult population are lim-
ited, and sex-specific studies of these associations are not available. Fur-
thermore, the relationship between the 2017 US hypertension guidelines
and all-cause mortality in China is unclear.

What is added by this report?

Results of our prospective study, in a rural Chinese population, showed
that risk of all-cause mortality with hypertension based on the 2017 US hy-
pertension guidelines was increased for men but not women.

What are the implications for public health practice?

Treatment for hypertension should rely on clinicians’ cautious judgment
about whether and when to start treatment. In addition, antihypertension
goals may need to be individualized for people with different characterist-
ics.

Abstract

Introduction
The relationship between blood pressure categories and all-cause
mortality has not been fully addressed in cohort studies,  espe-
cially in the general Chinese population. Our study aimed to as-

sess the sex-specific association of systolic blood pressure (SBP),
diastolic blood pressure (DBP), and 2017 United States hyperten-
sion guidelines with all-cause mortality in China.

Methods
We conducted a prospective study of 13,760 rural Chinese adults
aged 18 or older (41.1% men). Mean age overall was 49.4, 51.0
for  men,  and  48.3  for  women.  We  analyzed  the  blood
pressure–mortality relationship by using restricted cubic splines
and Cox proportional-hazards regression analysis, estimating haz-
ard ratios (HRs) and 95% confidence intervals (CIs).

Results
During a mean follow-up of 5.95 years, 710 people died (60.3%
men) from any cause. We found a U-shaped SBP–mortality or
DBP–mortality relationship for both sexes. Mortality risk was in-
creased for men with SBP 120–139 mm Hg (adjusted HR [aHR],
1.42; 95% CI, 1.10–1.82) or ≥140 mm Hg (aHR, 2.05; 95% CI,
1.54–2.72),  and  for  DBP  ≥90  mm  Hg  (aHR,  1.53;  95%  CI,
1.10–2.13) as compared with SBP 100–119 mm Hg or DBP 70–79
mm Hg. Mortality risk also was increased for men with blood
pressure  status  defined  according  to  2017  US  hypertension
guidelines as elevated, SBP 120–129 and DBP >80 mm Hg (aHR
1.48;  95%  CI,1.11–1.98);  stage  1  hypertension,  SBP/DBP
130–139/80–89 mm Hg (aHR 1.53; CI, 1.19–1.97); and stage 2
hypertension,  SBP/DBP  ≥140/90  mm  Hg  (aHR  1.83;  CI,
1.33–2.51). No significant relationship was observed for women.

Conclusion
Elevated blood pressure and stages 1 and 2 hypertension were pos-
itively associated with all-cause mortality for men but not women
in rural China.
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Introduction
Nonoptimal blood pressure, which caused over 10 million deaths
worldwide in 2016, is the leading cause of global mortality (1,2).
Epidemiologic evidence has indicated a U- or J-shaped associ-
ation of systolic blood pressure (SBP) or diastolic blood pressure
(DBP) with all-cause mortality (2–4). Previous cohort studies in-
vestigated the SBP–mortality or DBP–mortality relationship in the
general  Chinese  population;  however,  study populations  were
mainly  coalminers,  urban women,  or  people  aged 65 or  older
(4–8). Also, to our knowledge, no other general population–based
studies have been made of the relationship between blood pres-
sure categories and all-cause mortality in China except for 2 co-
hort studies, 1 of adults aged 40 or older and 1 of urban women
(6,9). In addition, studies of Chinese adults that consider the po-
tential sex difference in the blood pressure–mortality relationship
are lacking (9,10).

The 2017 US hypertension guidelines recommend maintaining
blood pressure levels of SBP <130 mm Hg and DBP <80 mm Hg
in the general population (11); the guidelines lowered recommen-
ded blood pressure levels compared with previous US and Chinese
recommendations (12–14). Only 1 study, in Singapore — a popu-
lation that is not representative of mainland China — evaluated the
association between blood pressure categories and mortality on the
basis of 2017 US hypertension guidelines (15).

We conducted a prospective cohort study in a rural Chinese popu-
lation to elucidate the sex-specific association of baseline SBP and
DBP with all-cause mortality and also examined the association
between the 2017 US hypertension guidelines and all-cause mor-
tality in China.

Methods
Study participants

We conducted a prospective cohort study of 20,194 participants
aged 18 or older who were recruited from rural areas of Henan
Province in China for baseline examination (July–August 2007
and July–August 2008). During a mean follow-up of 5.95 years,
17,265 study participants were re-investigated, from July through
August 2013 and July through October 2014, with a response rate
of 85.5%. Details of the cohort were described previously (16).
After excluding people who used antihypertension medication or
whose data were incomplete for SBP or DBP at baseline examina-
tion (n = 3,505), the final cohort consisted of 13,760 eligible study
participants (41.1% men, n = 5,661) (Figure 1).

Figure 1. Flow diagram of participant selection, Sex-Specific Association of
Blood Pressure Categories With All-Cause Mortality: The Rural Chinese Cohort
Study,  2007–2014.  Abbreviations:  DBP,  diastolic  blood  pressure;  SBP,
systolic blood pressure.

All study participants gave their informed consent for inclusion
before the start of the study, and the study was approved by the
ethics committee of Zhengzhou University.

Baseline measurements. During face-to-face interviews, trained in-
terviewers administered a standard questionnaire to collect so-
ciodemographic information (sex, age, marital status, income, and
education level),  behavioral measures (smoking, drinking, and
physical activity), and medical history for all study participants.
Details regarding variables and the questionnaire for this cohort
have been published (16).

Smoking  was  classified  as  currently  smoking  and/or  having
smoked 100 or more cigarettes during their lifetime (17). Alcohol
drinking was defined as having consumed alcohol  12 or  more
times in the past year. Physical activity level was classified as low,
moderate, or high according to the International Physical Activity
Questionnaire (18).

Weight and height were measured twice according to a standard
protocol, weight to the nearest 0.1 kg and height to the nearest 0.1
cm, with study participants wearing light clothing but no shoes.
An average of the 2 measurements was used in our study. Body
mass index (BMI) was calculated as weight (kg) divided by height
(m) squared (19).

Blood pressure was measured 3 times at 30-second intervals in the
right arm after 5 minutes of rest with participants in a seated posi-
tion  by  using  an  electronic  sphygmomanometer  (HEM-
770AFuzzy, Omron, Kyoto, Japan) according to the American

PREVENTING CHRONIC DISEASE VOLUME 17, E09

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY     JANUARY 2020

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

2       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2020/19_0131.htm



Heart Association standardized protocol. The average value of the
3 measurements was used for analyses (20).

Overnight fasting blood samples from each participant were col-
lected in vacuum tubes to assess levels of total cholesterol, trigly-
cerides, high-density lipoprotein cholesterol (HDL-C), and fasting
plasma glucose by using an automated biochemical analyzer (Hita-
chi 7080, Tokyo, Japan) with reagents from Wako Pure Chemical
Industries (Osaka, Japan).  Low-density lipoprotein cholesterol
(LDL-C) level  was calculated by using the Freidwald formula
(21).

Blood pressure categories. We classified SBP as <100 mm Hg,
100 to 119 mm Hg (reference), 120 to 139 mm Hg, and ≥140 mm
Hg (7,22), and DBP as <70 mm Hg, 70 to 79 mm Hg (reference),
80 to 89 mm Hg, and ≥90 mm Hg (23). To better characterize ac-
tual blood pressure levels and to evaluate the sex-specific associ-
ation of blood pressure with all-cause mortality, we further classi-
fied study participants into 4 groups according to the 2017 US hy-
pertension guidelines (11): normal blood pressure (SBP <120 mm
Hg and DBP <80 mm Hg), elevated blood pressure (SBP 120–129
mm  Hg  and  DBP  <80  mm  Hg),  stage  1  hypertension  (SBP
130–139 mm Hg or DBP 80–89 mm Hg), and stage 2 hyperten-
sion (SBP ≥140 mm Hg or DBP ≥90 mm Hg).

Mortality ascertainment during follow-up. We collected data on
time and cause of death by face-to-face interviews with relatives,
local village physicians, or other health care providers on the basis
of a standard questionnaire; we checked corresponding informa-
tion for death with the local Center for Disease Control and Pre-
vention. All-cause mortality was defined according to codes A00-
Z99 of the International Classification of Diseases, 10th Revision
(24).

Statistical analyses

Baseline data for study participants were median (interquartile
range) because of skewed distribution for continuous variables and
number  (percentage)  for  categorical  variables.  Differences  in
baseline characteristics by mortality status were compared by us-
ing the Mann–Whitney U test for continuous variables and χ2 test
for categorical variables. Person years of follow-up for each study
participant were computed by date of death or follow-up minus
baseline examination date.

We used restricted cubic splines to test a possible dose–response
association of SBP or DBP with all-cause mortality, by sex, at
baseline examination as a continuous variable. In addition, we
used Cox proportional-hazards regression analysis,  calculating
hazard ratios (HRs) and 95% confidence intervals (CIs). To avoid
potential bias and confirm primary findings, we performed addi-
tional sensitivity analyses because of a rapid decrease in strength

of the blood pressure–mortality association during the early fol-
low-up period (25); study participants who had died during the
first 2 years of follow-up (n = 143) were excluded from analyses.
We further excluded participants with myocardial infarction, heart
failure, stroke, diabetes mellitus, or cancer at baseline (n = 1,314)
because these diseases could have affected blood pressure and thus
the blood pressure–mortality relationship (2,26). All analyses were
adjusted at baseline examination for age; marital status; mean indi-
vidual  income (monthly);  education level;  smoking;  drinking;
physical activity; BMI; total cholesterol; triglycerides; HDL-C;
LDL-C; fasting plasma glucose; family history of hypertension,
diabetes mellitus, or hyperlipidemia; and use of hypoglycemic and
lipid-lowering medications.

All data were analyzed by using SAS version 9.4 (SAS Institute,
Inc), and figures were plotted by using Stata 12 software (Stata
Corp LLC). Statistical significance was set at a 2-tailed P < .05.

Results
Baseline characteristics of study participants. Among the 13,760
study participants at baseline examination, 41.1% (n = 5,661) were
men, and the median age was 49 (interquartile range, 40–59) (Ta-
ble).  During  a  mean  follow-up  of  5.95  years  (81,856  person
years), 710 deaths occurred. Of the 710 decedents, 428 (60.3%)
were men, 679 (95.6%) had less than a high school diploma, 540
(76.1%) were married or cohabiting; 264 (37.2%) were smokers,
69  (9.7%)  drank  alcohol,  684  (96.3%) had  a  mean individual
monthly  income  below  500  Chinese  yuan  (CNY),  and  364
(51.3%) had a low physical activity level. The median SBP of de-
cedents was 126.3 (interquartile range [IQR], 115.3–141.7); DBP,
76.3 (IQR, 69.0–84.3); total cholesterol, 4.5 (IQR, 3.9–5.1); LDL-
C, 2.6 (IQR 2.2–3.1); fasting plasma glucose, 5.4 (IQR, 5.0–6.0);
and lower BMI and HDL-C level (all P < .05). The median age of
decedents was 65.0 (IQR 57.0–73.0). Appendix Table 1 shows the
baseline characteristics of people included and excluded.

SBP–mortality relationship. We observed a slight U-shaped rela-
tionship between SBP at baseline examination and all-cause mor-
tality for men and women as a continuous variable after adjusting
for some potential confounders, although the 95% CIs for some
ranges of SBP or DBP were not significant. The lowest all-cause
mortality was associated with SBP of 113 mm Hg for men and
116 mm Hg for women (Figure 2). For men, risk of all-cause mor-
tality increased with SBP of 120–139 mm Hg (adjusted HR [aHR]
1.42; 95% CI, 1.10–1.82) or ≥140 mm Hg (aHR 2.05; 95% CI,
1.54–2.72) compared with SBP of 100 mm Hg to 119 mm Hg. We
did not find any relationship between SBP categories and all-cause
mortality for women (Figure 3). The results was consistent with
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Appendix Table 2, which also takes diabetes mellitus as the ad-
justment variable.

Figure 2. Adjusted risk trends for all-cause mortality by blood pressure level at
baseline examination on a continuous scale for men and women, adjusted for
age;  marital  status;  mean  individual  income  (monthly);  education  level;
smoking;  drinking;  physical  activity;  body  mass  index;  total  cholesterol;
triglycerides;  high-density  lipoprotein  cholesterol;  low-density  lipoprotein
cholesterol; fasting plasma glucose; family history of hypertension, diabetes
mellitus,  or  hyperlipidemia;  and  use  of  hypoglycemic  and  lipid-lowering
medications. Abbreviations: —, not applicable; aHR, adjusted hazard ratio; CI,
confidence  interval;  DBP,  diastolic  blood  pressure;  SBP,  systolic  blood
pressure.

Figure 3. All-cause mortality risk per 1,000 person years by blood pressure
categories at baseline examination in men and women based on the 2017 US
hypertension guidelines (11), adjusted for age; marital status; mean individual
income (monthly); education level; smoking; drinking; physical activity; body
mass  index;  total  cholesterol;  triglycerides;  high-density  lipoprotein
cholesterol; low-density lipoprotein cholesterol; fasting plasma glucose; family
history  of  hypertension,  diabetes  mellitus,  or  hyperlipidemia;  and use of
hypoglycemic and lipid-lowering medications. Abbreviations: aHR, adjusted
hazard ratio; CI, confidence interval.

The results did not change on sensitivity analyses after excluding
deaths occurring during the first 2 years of follow-up. On restrict-
ing the analyses to participants without pre-existing chronic dis-
ease (cardiovascular disease, diabetes mellitus, or cancer), results

were consistent with the initial analyses (Figure 3) except for a
significant association for men with SBP less than 100 mm Hg
(aHR 1.99; 95% CI, 1.11–3.58) (Figure 4). Further taking dia-
betes  mellitus  as  the  adjustment  variable,  the  results  did  not
change (Appendix Table 2).

Figure 4. All-cause mortality rate per 1,000 person years by blood pressure
categories based on the 2017 US hypertension guidelines (11) at baseline
examination for men and women on sensitivity analyses, adjusted for age;
marital status; mean individual income (monthly); education level; smoking;
drinking; physical activity; body mass index; total cholesterol; triglycerides;
high-density lipoprotein cholesterol; low-density lipoprotein cholesterol; fasting
plasma  glucose;  family  history  of  hypertension,  diabetes  mellitus,  or
hyperlipidemia;  and use  of  hypoglycemic  and lipid-lowering  medications.
Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval.

DBP–mortality relationship. We assessed the DBP–mortality rela-
tionship by using continuous DBP at baseline and found a slight U
shape for both sexes, although the 95% CIs for some ranges of
SBP or DBP were not significant. The DBP levels associated with
the lowest all-cause mortality were 67 mm Hg for men and 73 mm
Hg for women (Figure 3). All-cause mortality was positively asso-
ciated with DBP of 80 mm Hg to 89 mm Hg (aHR 1.31; 95% CI,
1.02–1.69) or DBP ≥90 mm Hg (aHR 1.53; 95% CI, 1.10–2.13)
for men and DBP ≥90 mm Hg (aHR 1.50; 95% CI, 1.02–2.22) for
women compared with people with DBP 70 mm Hg to 79 mm Hg
(Figure 3). The results, further taking diabetes mellitus as the ad-
justment variable, were consistent with Appendix Table 2.

When we excluded study participants who died during the first 2
years of follow-up, we saw no change in the relationship between
DBP and mortality for men: however, we saw a marginal associ-
ation  for  women  with  DBP ≥90  mm Hg  (aHR 1.52;  95% CI,
0.99–2.32) (Figure 4A). When we further restricted analysis to
people free of the 5 pre-existing chronic diseases at baseline, res-
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ults were mostly similar to the initial analyses (Figure 3) for men
with DBP ≥90 mm Hg (aHR 1.76; 95% CI, 1.16–2.65); the rela-
tionship between DPB and mortality further weakened for women
with DBP at or above 90 mm Hg (aHR 1.51; 95% CI, 0.94–2.44)
(Figure 4B). However, the association between DBP and mortal-
ity disappeared for men with DBP 80 to 89 mm Hg (aHR 1.32;
95% CI, 0.95–1.84). Further taking diabetes mellitus as the adjust-
ment variable, the results did not change (Appendix Table 2).

Association of all-cause mortality with blood pressure categories
based on the 2017 US hypertension guidelines. For men, the risk
of all-cause mortality was higher and increased with increasing
blood pressure according to 2017 US hypertension guidelines:
with elevated blood pressure (aHR 1.48; 95% CI, 1.11–1.98), with
stage 1 hypertension (aHR 1.53; 95% CI, 1.19–1.97), or with stage
2 hypertension (aHR 1.83; 95% CI, 1.33–2.51) compared with
normal blood pressure. However, we found no significant relation-
ship for women between blood pressure categories and all-cause
mortality (Figure 3). The results were consistent with Appendix
Table 2, which also takes diabetes mellitus as the adjustment vari-
able.

When we excluded deaths that occurred during the first 2 years of
follow-up,  elevated  blood  pressure  (aHR  1.70;  95%  CI,
1.21–2.38), stage 1 hypertension (aHR 1.88; 95% CI, 1.41–2.50),
or stage 2 hypertension (aHR 2.17; 95% CI 1.51–3.14) were posit-
ively associated with all-cause mortality for men but not women
compared with normal blood pressure (Figure 4A), with increased
strength as compared with our initial analyses (Figure 3). On fur-
ther restricting the analysis to participants without any of the 5
pre-existing chronic diseases, risk of all-cause mortality was in-
creased for  men but  not  women with  blood pressure  status  as
defined by 2017 US hypertension guidelines as elevated blood
pressure (aHR 1.68; 95% CI, 1.15–2.44), stage 1 hypertension
(aHR 1.78; 95% CI, 1.29–2.46), or stage 2 hypertension (aHR
2.24; 95% CI 1.48–3.37) compared with normal blood pressure
(Figure 4B). Further taking diabetes mellitus as the adjustment
variable, the results did not change (Appendix Table 2).

Discussion
In this prospective cohort study of 13,760 eligible rural Chinese
adults, results suggested a U-shaped association of SBP or DBP
with all-cause mortality for both sexes. Men with SBP ≥120 mm
Hg, DBP ≥90 mm Hg, or SBP/DBP ≥130/80 mm Hg showed in-
creased risk of all-cause mortality. However, we found no signific-
ant relationship between SBP, DBP, or the 2017 US hypertension
guidelines categories and all-cause mortality for women.

Several  cohort  studies  indicated  a  positive  association  of  in-
creased mortality risk with low SBP level (<120 mm Hg/90 mm

Hg) or low DBP level (<80 mm Hg/40 mm Hg): the Korean Can-
cer Prevention Study, with 22.7 million person years of follow-up,
which included 1,329,525 people aged 30 to 95 (2); a retrospect-
ive community-based cohort study of 128,765 Taiwanese people
aged 65 or older followed for 3 years (4); and a prospective co-
hort study of 4,658 Chinese people aged 65 to 99 followed for 3
years (8). Other cohort studies suggested increased mortality risk
with high SBP level (≥120 mm Hg/160 mm Hg), high DBP level
(≥90 mm Hg), or SBP/DBP ≥120/80 mm Hg, 140/90 mm Hg, 160/
100 mm Hg (2,5,6,9,26,27).

Sex  differences  were  observed  in  published  cohort  studies
(2,6,7,28,29). Research data based on a cohort study from Korea
indicated high mortality risk for men with SBP ≥140 mm Hg or
<90 mm Hg and women with SBP ≥120 mm Hg (2). A Japanese
cohort study with 11-year follow-up included 33,372 men and wo-
men aged 40 to 69 who had no prior diagnosis of cancer or cardi-
ovascular disease. That study suggested increased mortality risk
for men with SBP/DBP ≥130/85 mm Hg but not for women (28).
However, a Swedish cohort study with 26-year follow-up that in-
cluded 2,280 people aged 18 to 65 found the reverse results (in-
creased mortality risk for women with SBP/DBP ≥130/85 mm Hg
but not for men) (29). Evidence from Chinese cohort studies (6,7)
indicated high mortality risk for men with SBP <100 mm Hg/120
mm Hg. For women, these studies showed high mortality risk with
SBP ≥140 mm Hg/160 mm Hg, DBP ≥90 mm Hg, and SBP/DBP
140/90 mm Hg or even 160/100 mm Hg. Participants in these
Chinese studies were coal miners and urban women.

Our study suggested an association of all-cause mortality for men
with high SBP (≥120 mm Hg) and high DBP (≥90 mm Hg), or
SBP/DBP ≥130/80 mm Hg, but not for women. The possible ex-
planations for inconsistencies between our results and previous
studies may be differences in socioeconomic status, demographic
and physiologic characteristics, genetic predisposition, lifestyles,
and environmental  factors in multi-ethnic populations (11,30).
Also, excessive lowering of blood pressure with the use of anti-
hypertension medications would causally increase the risk of all-
cause mortality (31), but previous studies ignored the effect of an-
tihypertension medication apart from regarding it as a potential
confounder. Only 1 study excluded people receiving antihyperten-
sion agents, but participants in that study were mainly young men
aged 18 to 39 (26).

Our study showed a difference by sex in the blood pressure–mor-
tality relationship. One explanation is that men could have greater
psychological distress associated with mortality than women, a
phenomenon more prevalent in poor regions, as in our rural study,
than in urban areas (32,33). Also, the interaction between sex and
genetic factors could be responsible for the different blood pres-
sure–mortality association in men and women (34). Additionally,
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T cells play an important role in the pathogenesis of hypertension
and are associated with a sex difference (35). High blood pressure
is a major cause of cardiovascular disease mortality and a major
contributor to all-cause mortality (36). Low blood pressure is asso-
ciated with decreased myocardial perfusion pressure and myocar-
dial ischemia (37). In addition, low blood pressure increases arteri-
al stiffness, which increases mortality risk (38). The explanation
for the association between blood pressure and risk of all-cause
mortality is not intuitive, and the relevant mechanism should be
further explored (36). Another possible reason may be different
physiologic factors (39). However, we have no evidence of the rel-
ative benefits and harms of lowering blood pressure to recommen-
ded  targets  varying  as  a  function  of  sex  (40),  and  treatment
guidelines are consistent for men and women (11,12).

Our study results suggest an association of blood pressure accord-
ing to the 2017 US hypertension guidelines with all-cause mortal-
ity in rural Chinese adults and provide a useful reference for fu-
ture studies. Lowering blood pressure to 130/80 mm Hg could be
achieved by early hypertension screening and intervention (includ-
ing active intervention in lifestyle), and the benefit may be greater
among Asians than Westerners (30). The hypertension prevalence
among rural Chinese in our study was 3 times higher according to
the 2017 US hypertension guidelines (47.1% for men and 46.1%
for  women)  than according to  the  2018 Chinese  hypertension
guidelines (14.5% for men and 15.4% for women). The number of
antihypertension treatments cannot increase significantly, and non-
pharmacologic interventions, especially reducing salt intake and
body weight, still remain a fundamentally important approach to
hypertension control (11,30). Treatment could rely on clinicians’
cautious judgment about whether and when to start antihyperten-
sion treatment. In addition, setting goals for high blood pressure
prevention and control may need to be tailored to people and pop-
ulations with differing characteristics (27). Moreover, the aware-
ness,  treatment,  and  control  rates  of  hypertension  are  low  in
China; a transition from knowing the problem to implementing the
solution and improving management of medical therapy for hyper-
tension is needed (30,41,42).

The primary strength  of  our  study is  its  being the  first  to  our
knowledge to evaluate the association between the 2017 US hy-
pertension guidelines and all-cause mortality in a Chinese popula-
tion. Its second strength is its prospective design based on a gener-
al population with 81,856 person years of follow-up and the stand-
ardized longitudinal assessment of blood pressure and well-meas-
ured covariates. Finally, we assessed the sex-specific blood pres-
sure–mortality relationship, whereas we previously had little evid-
ence on the association of blood pressure categories with all-cause
mortality by sex in China.

Nevertheless, our study has limitations. First, the generalizability
of our findings to urban or to other ethnic populations than those
in our study may be limited because study participants were rural
Chinese  adults.  Second,  despite  sensitivity  analyses  of  parti-
cipants who had none of the 5 pre-existing chronic diseases, we
could not completely exclude people with all chronic medical con-
ditions. Finally, the possibility of residual confounding bias may
remain because some covariates, such as psychological factors,
were not investigated. Further studies are needed to evaluate sex
differences  in  lowering  blood  pressure  to  an  optimal  level.
Moreover, blood pressure–attributable mortality is a major public
health  challenge,  and  the  combined  efforts  of  health-policy
makers, health care providers, and the general population are re-
quired to reduce the mortality burden caused by elevated blood
pressure and hypertension.

Acknowledgments
The investigators are grateful to the dedicated participants and all
research staff of our study. This study was supported by the Na-
tional Natural Science Foundation of China (grants no. 81373074,
81402752,  and 81673260);  the Natural  Science Foundation of
Guangdong Province (grant no. 2017A030313452); the Medical
Research  Foundation  of  Guangdong  Province  (grant  no.
A2017181);  and  the  Science  and  Technology  Development
Foundation of Shenzhen (grants no. JCYJ20140418091413562,
JCYJ20160307155707264,  JCYJ20170302143855721,  and
JCYJ20170412110537191).

Leilei Liu, Ming Zhang, and Dongsheng Hu substantially contrib-
uted to the design and drafting of the study. Leilei Liu, Bingyuan
Wang, Yongcheng Ren, Yang Zhao, Dechen Liu, Junmei Zhou,
Xuejiao Liu, Dongdong Zhang, Jianxin Li, and Jie Cao contrib-
uted to the analysis and interpretation of the data. Leilei Liu, Xin-
can Liu,  Xu Chen,  Cheng Cheng, Feiyan Liu,  Qionggui Zhou,
Jichun Chen, and Jianfeng Huang revised the article critically for
important intellectual content. All authors were involved in data
collection and approved the final manuscript. Authors have no
conflict of interest.

Author Information
Corresponding  Author:  Dongsheng  Hu,  Department  of
Epidemiology and Health Statistics,  College of  Public  Health,
Zhengzhou University, Zhengzhou, Henan, People’s Republic of
C h i n a .  T e l e p h o n e :  + 8 6 - 7 5 5 - 8 6 6 7 1 9 5 1 .  E - m a i l :
dongshenghu563@126.com.

Author Affiliations:  1Department of Epidemiology and Health
Statistics,  College  of  Public  Health,  Zhengzhou  University,

PREVENTING CHRONIC DISEASE VOLUME 17, E09

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY     JANUARY 2020

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2020/19_0131.htm



Zhengzhou, Henan, People’s Republic of China. 2Department of
Preventive Medicine, Shenzhen University Health Science Center,
Shenzhen, Guangdong, People’s Republic of China. 3Department
of Cardiology, The First Affiliated Hospital of Henan University
of Chinese Medicine, Zhengzhou, Henan, People’s Republic of
China.  4Study  Team  of  Shenzhen’s  Sanming  Project,  The
Affiliated Luohu Hospital of Shenzhen University Health Science
Center,  Shenzhen,  Guangdong,  People’s  Republic  of  China.
5Department of Epidemiology, Fuwai Hospital, National Center
for  Cardiovascular  Diseases,  Chinese  Academy  of  Medical
Sciences and Peking Union Medical College, Beijing, People’s
Republic of China.

References
Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-
Rohani H, et al. A comparative risk assessment of burden of
disease and injury attributable to 67 risk factors and risk factor
clusters in 21 regions, 1990–2010: a systematic analysis for the
Global  Burden  of  Disease  Study  2010.  Lancet  2012;
380(9859):2224–60.

  1.

Yi SW, Mok Y, Ohrr H, Yi JJ, Yun YD, Park J, et al. Low
systolic blood pressure and vascular mortality among more
than  1  mi l l ion  Korean  adul t s .  Ci rcula t ion  2016;
133(24):2381–90.

  2.

Pastor-Barriuso R, Banegas JR, Damián J, Appel LJ, Guallar
E. Systolic blood pressure, diastolic blood pressure, and pulse
pressure: an evaluation of their joint effect on mortality. Ann
Intern Med 2003;139(9):731–9.

  3.

Shih  CJ,  Chen  YT,  Ou  SM,  Lin  CH,  Tarng  DC;  Taiwan
Geriatric Kidney Disease (TGKD) Research Group. Observed
blood pressure and mortality among people aged 65 years and
older: a community-based cohort study. J Am Med Dir Assoc
2016;17(7):654–62.

  4.

Song Y, Wu S, Liu X, Qi X. Association of systolic blood
pressure levels with cardiovascular and cerebrovascular events
and all-cause mortality: a result from the Kailuan study. Blood
Press Monit 2016;21(3):149–54.

  5.

Dorjgochoo T, Shu XO, Zhang X, Li H, Yang G, Gao L, et al.
Relation of blood pressure components and categories and all-
cause, stroke and coronary heart disease mortality in urban
Chinese  women:  a  population-based  prospective  study.  J
Hypertens 2009;27(3):468–75.

  6.

Li  C,  Chen  Y,  Zheng  Q,  Wu  W,  Chen  Z,  Song  L,  et  al.
Relationship between systolic blood pressure and all-cause
mortality: a prospective study in a cohort of Chinese adults.
BMC Public Health 2018;18(1):107.

  7.

Lv YB, Gao X, Yin ZX, Chen HS, Luo JS, Brasher MS, et al.
Revisiting the association of blood pressure with mortality in
oldest  old people in China:  community based,  longitudinal
prospective study. BMJ 2018;361:k2158.

  8.

He  J,  Gu  D,  Chen  J,  Wu  X,  Kelly  TNP,  Huang  JF,  et  al.
Premature deaths attributable to blood pressure in China: a
prospective cohort study. Lancet 2009;374(9703):1765–72.

  9.

Gillis EE, Sullivan JC. Sex differences in hypertension: recent
advances. Hypertension 2016;68(6):1322–7.

10.

Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins
KJ, Dennison Himmelfarb C, et al. 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline
for the Prevention, Detection, Evaluation, and Management of
High Blood Pressure in  Adults:  A Report  of  the American
College of Cardiology/American Heart Association Task Force
on  Clinical  Practice  Guidelines.  J  Am Coll  Cardiol  2018;
71(19):e127–248.

11.

Writing  Group  of  2018  Chinese  Guidelines  for  the
Management of Hypertension. 2018 Chinese guidelines for the
management  of  hypertension.  Chinese  Journal  of
Cardiovascular Medicine 2019;24(1).

12.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, Izzo JL Jr,  et  al..  Seventh report  of  the Joint  National
Committee  on  Prevention,  Detection,  Evaluation,  and
Treatment  of  High  Blood  Pressure.  Hypertension  2003;
42(6):1206–52.

13.

James  PA,  Oparil  S,  Carter  BL,  Cushman WC,  Dennison-
Himmelfarb C, Handler J, et al. 2014 evidence-based guideline
for the management of high blood pressure in adults: report
from the panel members appointed to the Eighth Joint National
Committee (JNC 8). JAMA 2014;311(5):507–20.

14.

Talaei  M,  Hosseini  N,  Koh  AS,  Yuan  JM,  Koh  WP.
Association  of  “Elevated  Blood  Pressure”  and  “Stage  1
Hypertension” with cardiovascular mortality among an Asian
population. J Am Heart Assoc 2018;7(8):e008911.

15.

Zhao Y, Liu Y, Sun H, Sun X, Yin Z, Li H, et al. Body mass
index and risk  of  all-cause  mortality  with  normoglycemia,
impaired fasting glucose and prevalent diabetes: results from
the  Rural  Chinese  Cohort  Study.  J  Epidemiol  Community
Health 2018;72(11):1052–8.

16.

Wildman RP, Muntner P, Reynolds K, McGinn AP, Rajpathak
S, Wylie-Rosett J, et al. The obese without cardiometabolic
risk  factor  clustering  and  the  normal  weight  with
cardiometabolic  risk  factor  clustering:  prevalence  and
correlates  of  2  phenotypes  among  the  US  population
(NHANES  1999-2004) .  Arch  In t e rn  Med  2008 ;
168(15):1617–24.

17.

PREVENTING CHRONIC DISEASE VOLUME 17, E09

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY     JANUARY 2020

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2020/19_0131.htm • Centers for Disease Control and Prevention       7



Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML,
Ainsworth  BE,  et  al.  International  physical  activity
questionnaire:  12-country reliability  and validity.  Med Sci
Sports Exerc 2003;35(8):1381–95.

18.

Doak CM, Hoffman DJ, Norris SA, Campos Ponce M, Polman
K, Griffiths PL. Is body mass index an appropriate proxy for
body fat in children? Glob Food Sec 2013;2(2):65–71.

19.

Perloff D, Grim C, Flack J, Frohlich ED, Hill M, McDonald
M,  et  al .  Human  blood  pressure  determination  by
sphygmomanometry. Circulation 1993;88(5 Pt 1):2460–70.

20.

Bairaktari E, Hatzidimou K, Tzallas C, Vini M, Katsaraki A,
Tselepis A, et al. Estimation of LDL cholesterol based on the
Friedewald formula and on apo B levels. Clin Biochem 2000;
33(7):549–55.

21.

Koh  AS,  Talaei  M,  Pan  A,  Wang  R,  Yuan  JM,  Koh  WP.
Systolic blood pressure and cardiovascular mortality in middle-
aged and elderly adults - The Singapore Chinese Health Study.
Int J Cardiol 2016;219:404–9.

22.

Navaneethan SD, Schold JD, Jolly SE, Arrigain S, Blum MF,
Winkelmayer  WC,  et  al.  Blood  pressure  parameters  are
associated  with  all-cause  and  cause-specific  mortality  in
chronic kidney disease. Kidney Int 2017;92(5):1272–81.

23.

Centers  for  Disease  Control  and  Prevention.  International
Classification of Diseases, Tenth Revision (ICD-10). http://
www.cdc.gov/nchs/icd/icd10.htm. Accessed July 12, 2018.

24.

Greenberg JA. Removing confounders from the relationship
between mortality risk and systolic blood pressure at low and
moderately  increased  systolic  blood  pressure.  J  Hypertens
2003;21(1):49–56.

25.

Miura K, Daviglus ML, Dyer AR, Liu K, Garside DB, Stamler
J, et al. Relationship of blood pressure to 25-year mortality due
to  coronary  heart  disease,  cardiovascular  diseases,  and  all
causes in young adult  men: the Chicago Heart  Association
Detection  Project  in  Industry.  Arch  Intern  Med  2001;
161(12):1501–8.

26.

Bundy  JD,  Mills  KT,  Chen  J,  Li  C,  Greenland  P,  He  J.
Estimating the association of the 2017 and 2014 Hypertension
Guidelines with cardiovascular events and deaths in US adults:
an analysis of national data. JAMA Cardiol 2018;3(7):572–81.

27.

Ikeda A,  Iso H,  Yamagishi  K,  Inoue M, Tsugane S.  Blood
pressure and the risk of stroke, cardiovascular disease, and all-
cause  mortality  among  Japanese:  the  JPHC  Study.  Am  J
Hypertens 2009;22(3):273–80.

28.

Carlsson  AC,  Theobald  H,  Hellénius  ML,  Wändell  PE.
Cardiovascular and total mortality in men and women with
different blood pressure levels — a 26-year follow-up. Blood
Press 2009;18(3):105–10.

29.

Kario K, Wang JG. Could 130/80 mm Hg be adopted as the
diagnostic threshold and management goal of hypertension in
consideration  of  the  characteristics  of  Asian  populations?
Hypertension 2018;71(6):979–84.

30.

Jung HH, Park JI, Jeong JS. Blood pressure-related risk among
users versus nonusers of antihypertensives: a population-based
cohort in Korea. Hypertension 2018;71(6):1047–55.

31.

Russ  TC,  Stamatakis  E,  Hamer  M,  Starr  JM,  Kivimäki  M,
Batty  GD. Association between psychological  distress  and
mortality:  individual  participant  pooled  analysis  of  10
prospective cohort studies. BMJ 2012;345:e4933.

32.

Han C, Zhang M, Luo X, Wang C, Zhou J, Zhang L, et al. The
association of resting heart rate and mortality by gender in a
rural adult Chinese population: a cohort study with a 6-year
follow-up. J Public Health (Bangkok) 2017;25(1):95–101.

33.

Vlachopoulos C, Ioakeimidis N, Miner M, Aggelis A, Pietri P,
Terentes-Printzios  D,  et  al.  Testosterone  deficiency:  a
determinant of aortic stiffness in men. Atherosclerosis 2014;
233(1):278–83.

34.

Guzik TJ,  Hoch NE,  Brown KA, McCann LA,  Rahman A,
Dikalov S, et al. Role of the T cell in the genesis of angiotensin
II induced hypertension and vascular dysfunction. J Exp Med
2007;204(10):2449–60.

35.

Murakami Y, Hozawa A, Okamura T, Ueshima H; Evidence
for Cardiovascular Prevention From Observational Cohorts in
Japan Research Group (EPOCH-JAPAN). Relation of blood
pressure  and  all-cause  mortality  in  180,000  Japanese
participants:  pooled  analysis  of  13  cohort  studies.
Hypertension 2008;51(6):1483–91.

36.

Rabkin  SW, Waheed A,  Poulter  RS,  Wood D.  Myocardial
perfusion pressure in patients with hypertension and coronary
artery disease: implications for DBP targets in hypertension
management. J Hypertens 2013;31(5):975–82.

37.

Dorresteijn JAN, van der Graaf Y, Spiering W, Grobbee DE,
Bots ML, Visseren FLJ; Secondary Manifestations of Arterial
Disease Study Group. Relation between blood pressure and
vascular  events  and  mortality  in  patients  with  manifest
vascular  disease:  J-curve  revisited.  Hypertension  2012;
59(1):14–21.

38.

Ouyang  P,  Michos  ED,  Karas  RH.  Hormone  replacement
therapy and the cardiovascular  system lessons learned and
unanswered questions. J Am Coll Cardiol 2006;47(9):1741–53.

39.

Turnbull  F,  Woodward  M,  Neal  B,  Barzi  F,  Ninomiya  T,
Chalmers  J,  et  al.;  Blood  Pressure  Lowering  Treatment
Trialists’  Collaboration.  Do  men  and  women  respond
differently to blood pressure-lowering treatment? Results of
prospectively designed overviews of randomized trials. Eur
Heart J 2008;29(21):2669–80.

40.

PREVENTING CHRONIC DISEASE VOLUME 17, E09

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY     JANUARY 2020

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

8       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2020/19_0131.htm



Wang Z, Chen Z, Zhang L, Wang X, Hao G, Zhang Z, et al.;
China  Hypertension  Survey  Investigators.  Status  of
hypertension in China: results from the China hypertension
survey, 2012–2015. Circulation 2018;137(22):2344–56.

41.

Sudharsanan N, Geldsetzer P. Impact of coming demographic
changes  on  the  number  of  adults  in  need  of  care  for
hypertension in Brazil, China, India, Indonesia, Mexico, and
South Africa. Hypertension 2019;73(4):770–6.

42.

PREVENTING CHRONIC DISEASE VOLUME 17, E09

PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY     JANUARY 2020

The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,

the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.

www.cdc.gov/pcd/issues/2020/19_0131.htm • Centers for Disease Control and Prevention       9



Table

Table. Baseline Characteristics of Study Participants by Mortality Status, the Rural Chinese Cohort Study, 2007–2014a

Variable Total (N = 13,760) Survivors (n = 13,050) Decedents (n = 710) P Value

Men 5,661 (41.1) 5,233 (40.1) 428 (60.3) <.001

Age, y, median (IQR) 49.0 (40.0–59.0) 49.0 (40.0–58.0) 65.0 (57.0–73.0) <.001

Married or cohabitating 12,460 (90.6) 11,920 (91.3) 540 (76.1) <.001

Mean individual income, monthly, CNY

<500 12,792 (93.2) 12,108 (92.8) 684 (96.3)

.001500–1,000 744 (5.4) 722 (5.5) 22 (3.1)

≥1,000 191 (1.4) 189 (1.4) 2 (0.3)

Education level high school or above 1,536 (11.2) 1,505 (11.5) 31 (4.4) <.001

Smokedb 3,953 (28.7) 3,689 (28.3) 264 (37.2) <.001

Drank alcohol 1,745 (12.7) 1,676 (12.8) 69 (9.7) .02

Physical activity

Low 4,049 (29.4) 3,685 (28.2) 364 (51.3)

<.001Moderate 2,940 (21.4) 2,834 (21.7) 106 (14.9)

High 6,771 (49.2) 6,531 (50.1) 240 (33.8)

BMI (kg/m2), median (IQR) 23.6 (21.4–26.1) 23.7 (21.4–26.1) 22.6 (20.8–25.2) <.001

Systolic blood pressure, mm Hg, median (IQR) 119.0 (109.3–130.0) 118.7 (109.0–129.7) 126.3 (115.3–141.7) <.001

Diastolic blood pressure, mm Hg, median (IQR) 75.3 (69.3–82.0) 75.3 (69.3–82.0) 76.3 (69.0–84.3) .046

Total cholesterol, mmol/L, median (IQR) 4.3 (3.8–5.0) 4.3 (3.8–5.0) 4.5 (3.9–5.1) .008

Triglycerides, mmol/L, median (IQR) 1.3 (0.9–1.9) 1.3 (0.9–1.9) 1.3 (0.9–1.8) .08

HDL cholesterol, mmol/L, median (IQR) 1.1 (1.0–1.3) 1.1 (1.0–1.3) 1.1 (1.0–1.3) .009

LDL cholesterol, mmol/L, median (IQR) 2.5 (2.0–3.0) 2.5 (2.0–3.0) 2.6 (2.2–3.1) <.001

Fasting plasma glucose, mmol/L, median (IQR) 5.3 (5.0–5.7) 5.3 (5.0–5.7) 5.4 (5.0–6.0) <.001

Abbreviations: BMI, body mass index; CNY, Chinese Yuan; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein.
a Calculated at a mean follow-up of 5.95 years (81,856 person years). Values are number (percentage) unless otherwise indicated.
b Defined as currently smoking and/or having smoked 100 or more cigarettes during their lifetime.
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Appendix
Appendix. Table 1. Baseline Characteristics of People Included and Excluded, the Rural Chinese Cohort Study, 2007–2014

Variables Included, n = 13,760 Excluded, n = 6,434 P Value

Men 5,661 (41.1) 2,272 (35.3) <.001

Age, y, median (IQR) 49.0 (40.0–59.0) 55.0 (44.0–64.0) <.001

Married/cohabitating 12,460 (90.6) 5,436 (84.5) <.001

Mean individual monthly income

<500 CNY 12,792 (93.2) 5,889 (91.9)

.003500–1,000 CNY 744 (5.4) 420 (6.6)

≥1,000 CNY 191 (1.4) 102 (1.6)

High school diploma or above 1,536 (11.2) 722 (11.2) .90

Smoking 3,953 (28.7) 1,429 (22.2) <.001

Drinking 1,745 (12.7) 556 (8.6) <.001

Physical activity

Low 4,049 (29.4) 2,812 (43.7)

<.001Moderate 2,940 (21.4) 1,339 (20.8)

High 6,771 (49.2) 2,283 (35.5)

BMI, kg/m2, median (IQR) 23.6 (21.4–26.1) 24.7 (22.2–27.5) <.001

SBP, mm Hg, median (IQR) 119.0 (109.3–130.0) 134.3 (118.0–152.3) <.001

DBP, mm Hg, median (IQR) 75.3 (69.3–82.0) 82.7 (74.0–92.0) <.001

Total cholesterol, mmol/L, median (IQR) 4.3 (3.8–5.0) 4.5 (3.9–5.2) <.001

Triglycerides, mmol/L, median (IQR) 1.3 (0.9–1.9) 1.5 (1.0–2.2) <.001

HDL-C, mmol/L, median (IQR) 1.1 (1.0–1.3) 1.1 (1.0–1.3) .002

LDL-C, mmol/L, median (IQR) 2.5 (2.0–3.0) 2.6 (2.1–3.1) <.001

Fasting plasma glucose, mmol/L, median (IQR) 5.3 (5.0–5.7) 5.4 (5.1–5.9) <.001

Abbreviations: BMI, body mass index; CNY, Chinese Yuan; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; IQR, interquartile range; SBP, systolic blood pressure.
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Appendix. Table 2. All-Cause Mortality Risk by Blood Pressure Categories at Baseline Examination for Men And Women, the Rural Chinese Cohort Study,
2007–2014a

Categories

Men Women

aHR (95% CI) aHR (95% CI)

Systolic blood pressure, mmHg

<100 1.51 (0.93–2.45) 1.46 (0.90–2.38)

100–119 1 [Reference] 1 [Reference]

120–139 1.41 (1.10–1.80) 0.91 (0.67–1.23)

≥140 2.00 (1.51–2.66) 1.15 (0.82–1.60)

Diastolic blood pressure, mmHg

<70 0.98 (0.76–1.26) 1.07 (0.79–1.46)

70–79 1 [Reference] 1 [Reference]

80–89 1.30 (1.01–1.67) 1.15 (0.84–1.58)

≥90 1.57 (1.13–2.18) 1.50 (1.02–2.21)

Systolic blood pressure/diastolic blood pressure, mmHg

<120/80 1.80 (1.31–2.48) 1.12 (0.77–1.62)

120–129/<80 1 [Reference] 1 {Reference]

130–139/80–89 1.49 (1.11–1.99) 0.75 (0.51–1.12)

≥140/90 1.52 (1.18–1.95) 1.01 (0.75–1.36)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval.
a Adjusted for age, marital status, mean individual income (monthly), education level, smoking, drinking, physical activity, body mass index, total cholesterol,
triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, fasting plasma glucose, diabetes mellitus, family history of diseases
(hypertension, diabetes mellitus, and hyperlipidemia), and use of medications (hypoglycemic and lipid-lowering agents).
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Appendix. Table 3. All-Cause Mortality Risk by Blood Pressure Categories at Baseline Examination for Men and Women on Sensitivity Analyses, the Rural Chinese
Cohort Study, 2007–2014a

Category

Men Women

aHR (95% CI) aHR (95% CI)

Systolic blood pressure, mmHg

<100 1.90 (1.08–3.35) 1.68 (1.00–2.83)

100–119 1 [Reference] 1 [Reference]

120–139 1.71 (1.25–2.32) 0.92 (0.65–1.30)

≥140 2.55 (1.80–3.62) 1.17 (0.80–1.72)

Diastolic blood pressure, mmHg

<70 0.90 (0.66–1.22) 1.05 (0.74–1.48)

70–79 1 [Reference] 1 [Reference]

80–89 1.29 (0.95–1.75) 1.07 (0.74–1.54)

≥90 1.72 (1.16–2.54) 1.55 (1.00–2.39)

Systolic blood pressure/diastolic blood pressure, mmHg

<120/80 2.29 (1.55–3.38) 1.09 (0.71–1.67)

120–129/<80 1 [Reference] 1 [Reference]

130–139/80–89 1.73 (1.21–2.46) 0.69 (0.43–1.09)

≥140/90 1.84 (1.35–2.50) 0.94 (0.67–1.31)

Abbreviations: aHR, adjusted hazard ratio; CI, confidence interval.
a Sensitivity analyses excluding study participants who died during the first 2 years of follow-up and who had chronic disease at baseline examination (myocardial
infarction, heart failure, stroke, or cancer. Adjusted for age, marital status, mean individual income (monthly), education level, smoking, drinking, physical activity,
body mass index, total cholesterol, triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, fasting plasma glucose, diabetes mellitus,
family history of diseases (hypertension, diabetes mellitus, and hyperlipidemia), and use of medications (hypoglycemic and lipid-lowering agents).
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